Effects of cooling and supplemental recombinant bovine somatotropin (rbST) on hemato-biochemical characteristics were studied at different stages of lactation of crossbred Holstein Friesian cows in a tropical environment. Ten primiparous cows were divided into two groups of five animals each. The first group was housed as the non-cooled animals in an open-sided barn with a tiled roof in a normal shaded house (NS), while the second group was housed as cooled cows in an open-sided barn with a tiled roof under misty fan cooling (MFC). Three injections with rbST (500 mg per dose) at each stage of lactation (early, mid and late lactation) significantly increased total milk yield as compared with pretreatment in both cooled and non-cooled cows. Milk fat was significantly increased, while total solids, solid not fat, milk protein and lactose were not affected by the rbST treatment. Hematological parameters, plasma proteins, albumin, glucose, triglyceride, cholesterol, creatinine, alkaline phosphatase (ALP), plasma inorganic phosphate and the activities of plasma aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were not affected by supplemental rbST in cooled and non-cooled cows. Supplementation of rbST caused a significant decrease in plasma urea concentration, while plasma FFA concentrations significantly increased in both cooled and non-cooled cows. The results of the present study suggest that exogenous rbST is efficacious in increasing milk yield without adverse effects on lactating crossbred Holstein cows in a tropical environment.
INTRODUCTION
Low milk yield and short persistency of lactation of dairy cattle is still the major problem for dairy practices in the tropics. Low productivity of crossbred dairy cattle is influenced by a large number of factors. A high environmental temperature is known to be one of the problems for animal production in tropical areas. Heat stress affects the performance of dairy cows by reducing their dry matter intake, feed efficiency and milk production (Shibata and Mukai, 1979; Fuquay, 1981; Collier et al., 1982; Johnson, 1987; Huber, 1994) . Environmental modifications have been performed in attempts to alleviate severe heat stress in dairy cattle for example, water spray and fans (Armstrong et al., 1985; 1993) , evaporative cooling, (Armstrong et al., 1985; 1988; 1993; Ryan et al., 1992; Chaiyabutr et al., 2008a) . In dairy cows, milk synthesis is dependant on hormonal stimuli and the provision of nutrients from the blood to the mammary gland to sustain milk production. A previous study in crossbred cattle containing 87.5% Holstein Friesian (HF) genes found that a short persistency of lactation accompanied decreases in plasma bovine somatotropin level (bST) and blood flow to the mammary gland during the transition period from early to mid-lactation (Chaiyabutr et al., 2000) . However, cows treated with rbST exhibited increased milk yield which coincided with increases in both total body water and mammary blood flow (Chaiyabutr et al., 2007) . Administration of bST has been shown to be one of the management strategies that are needed to minimize the effects of heat stress and that will maintain sufficient DMI to sustain the potentially increased milk yields (West, 1994 ). An increase in total body water in bST-treated cows may play a central role for both lactation and heat dissipation. However, controversy exists on the use of bST due to effects on animal health. A number of studies have noted the effect of bST on bovine health in terms of risk of clinical mastitis, reduction in fertility and risk of developing clinical signs of lameness (Dohoo et al., 2003) . The adverse effects of exogenous bST have also been reported in other animal species (Skarda et al., 1992) . The changes in relative mass of many organs and tissue growth following bST administration have also been reported (Moallem et al., 2004) , which may reflect changes in bodily functions. According to this information, blood analysis will be a useful tool and a priority for diagnosis and health monitoring of animals in veterinary medicine (Payne and Payne, 1987) in prevention of metabolic disease or other disorders during intensive milk production. Few data are available for the additive effects of supplemental rbST and cooling on both health and productivity of crossbred dairy cattle in tropical environments. Therefore, the aim of the present study was to determine effects of supplemental rbST on hematological values and variability of metabolic parameters of crossbred dairy cows housed under shade with or without misters and fans at different stages of lactation. The results of this study will provide values of hematology and blood metabolites for systematic health monitoring and nutritional status and suggest possible preventive measures to reduce the risk of adverse effects during rbST supplementation in crossbred dairy cattle under high environmental temperatures.
MATERIALS AND METHODS

Animals and management
Ten primiparous, non-pregnant crossbred cattle, containing 87.5% Holstein Friesian (HF) genes were assigned randomly into two groups of five animals each. Animal management was previously described in detail by Boonsanit et al. (2010) . Briefly, cows in the first group were housed in a normal shaded house (NS) as the non-cooled animals and cows in the second group were housed in a normal shaded house with two sets of misty fan cooling (MFC) as cooled animals. Each system consisted of a 65 cm. diameter blade fan circulating 81 m 3 /min of air, with oscillation coverage of 180°. The amount of water discharged from 4 spray heads was 7.5 L/h and mist droplet was 0.01 mm. Animals were exposed to MFC for 45 minutes at 15-minute intervals from 06:00 h to 18:00 h. At night, animals were exposed to MFC for 15 minutes at 45-minute intervals from 18:00 h to 06:00 h. The diet was fed ad libitum twice daily as the same total mixed ration (TMR) to both groups in equal portions at about 06:00 h and 17:00 h when the animals were milking throughout the experiments. Ingredient and chemical compositions of the diet are shown in Table 1 . The ambient temperature and humidity were recorded inside the barn, using a dry and wet bulb thermometer placed above the feeding lane. The relative humidity in NS and MFC barns was read by psychrometric chart depending on wet and dry bulb temperature. A temperature-humidity index (THI) was calculated from the average ambient temperature of dry and wet bulb temperatures according to McDowell (1972) , as follows: THI = 0.72 (wb+db)+40.6 where wb = wet bulb temperature and db = dry bulb temperature expressed in °C.
Experimental design
The experimental design in cooled and non-cooled cows was the same as that of Boonsanit et al. (2010) . The studies in pre-treatment and treatment periods in each cow were carried out in early-(day 75 post-partum), mid-(day 135 post-partum) and late lactation (day 195 post-partum). After the pre-treatment study, each cow was injected subcutaneously with three doses of 500 mg of recombinant bovine somatotropin (rbST) (Posilac, Monsanto, USA) in each 2-week period. The pre-treatment, 3 doses of injections, and the treatment periods were performed during the first 30 days and the same procedures were followed for each stage of lactation. No experiments were conducted after the last 30 days of the experiment in order to allow milk yield from the effect of rbST treatment to return to the control level (Kirchgessner et al., 1991) . Cows were milked twice daily using a milking machine and daily milk yield was recorded. On the same day as blood sampling, respiration rate (RR) and rectal temperature (RT) were recorded (between 13:00 and 14:00 h) by counting flank movements during two 30-s cycles and using a digital thermometer, respectively.
The procedures used in the present study were carried out in accordance with the principles and guidelines of the Faculty of Veterinary Science, Chulalongkorn University. These guidelines were formulated to comply with international standards and are in accordance with the principles and guidelines of the National Research Council of Thailand.
Samples collection and chemical analysis
On specified days of the study, blood samples were taken at around 11:00 h in order to avoid daily variations in activities of both the pre-treatment and the treatment periods at each stage of lactation. Two blood samples (one for whole blood, one for plasma) were collected from the coccygeal vessel by venipuncture with a 21-gauge needle into heparinized tubes, and the samples were immediately placed in an ice bath until plasma separation. Just before centrifugation, blood samples were analysed for hemoglobin, erythrocyte count (RBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), leukocyte count (WBC), leukocyte differential count for lymphocytes, monocytes and granulocytes and platelets by automated in vitro diagnostic medical equipment (Model Mythic18 (IVD) C2 Diagnostics; Montpellier, France). Blood samples were centrifuged in microhematocrit tubes at 12,000 rpm for 5 min, and the spun packed cell volume (PCV) was measured. The remaining blood was centrifuged at 3,500 g for 10 min to separate plasma, which was stored at -20°C for subsequent analysis.
The frozen plasma samples were used to determine the following parameters; urea nitrogen (BUN), creatinine, inorganic phosphorus, total protein, albumin, glucose, total cholesterol and triglycerides. Enzyme activities were determined for alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase. All determinations of blood chemistry were conducted on plasma at 37°C, with an automatic clinical chemistry analyzer (Operator Manual BT 2000 Plus, Biotecnica Instruments S.P.A Via Licenza, Rome, Italy). Plasma free fatty acids were determined by colorimetry after plasma extraction with chloroform, heptane and methanol and TAN solution containing 1-(2-Thiazolylazo)-2-naphthol (SigmaAldrich) as described by Wang et al. (2004) . Milk samples from morning milking were used to determine milk composition using Milkoscan (Milko-Scan 133B, A/S N. Foss Electric, Hillerød, Denmark).
Statistical analysis
Individual cow data were adjusted for covariate effects with data from the pre-treatment period before the start of the treatment period at each stage of lactation. Data were analyzed using the General Linear Model (GLM) procedure (SPSS for windows, V14.0; SPSS Inc., Chicago, IL, USA) to study either main effects or interaction of treatment and housing. Differences were considered significant at p<0.05. The statistical model was:
where Y ijk = observation, μ = overall mean, A l = Animal effect, H i = house effect as main plot (i = NS, MFC), A(H) il = main plot error (animal l in house i), B j = treatment effect (rbST) as a split plot (j = with and without rbST supplementation), (HB) ij = interaction effect between treatment and house, A(HB) ijl = split plot error (animal l in house i and treatment j), Cov k = covariate effect and e ijk = residual error.
The differences of environmental parameters between NS and MFC barn were determined by unpaired t-test. Statistical significance was declared at p<0.05.
RESULTS AND DISCUSSION
Climatic parameters
The average results for the climatic parameters in NS and MFC barns are reported in Table 2 . The results obtained in the present study were similar to the values in our previous report by Boonsanit et al. (2010) . The period of hottest daily temperature (13:00 to 14:00 h), ambient temperature and temperature humidity index (THI) of the MFC barn were significantly lower, while relative humidity in the MFC barn was significantly higher than that of the NS barn throughout the periods of study. Cows in both groups were housed in both NS and MFC barns which had a THI ranging from 79-85 throughout the study period, which is considered the upper critical THI for lactating exotic dairy cows (Fuquay, 1981; Armstrong, 1994) . The THI was >72 which is considered moderate heat stress and indicates that the effect of misters and fans was insufficient to completely eliminate heat stress in the cows. However, THI might not accurately reflect heat stress in misty fan evaporative cooling systems that deliver a pressurized spray above the cow's back, resulting in higher humidity but also causing a cooling effect. Boonsanit et al. (2010) reported that a partial alleviation of heat stress from misty fan cooling was evident from the significant lower rectal temperatures in cooled cows (average 38.5°C vs. 39.3°C) and respiratory rates (average 56 vs. 74 breaths/min) at the period of hottest daily temperatures. Milk yield was significantly increased during rbST supplementation in both cooled and non-cooled cows. The milk yields of cooled cows were slightly higher than those of non-cooled cows. This is in accordance with the results reported during cooling of Bos taurus cows (Tarazon et al., 1999) . It is possible that the difference between day and night temperatures in the present study would affect milk yield by heat stress, because animals were exposed to a high THI during the hottest part of the day. The concentrations of milk protein, lactose, total solid (TS) and solid-not-fat (SNF) were not affected by supplemental rbST in either cooled or non-cooled cows at each stage of lactation. These findings indicate that an increase in milk production of cross-bred cows would be governed by both MFC and rbST supplementation at all stages of lactation. Similar effects were observed by Keister et al. (2002) . The concentration of milk fat of cooled and non-cooled cows was significantly increased by supplementation of rbST in early and midlactation, while it had a tendency to increase in late lactation. A similar increase in milk fat concentration due to rbST administration has been previously reported (West et al., 1991) . The synthesis of milk fat arises from both blood lipids and from de novo synthesis of fatty acids within the mammary epithelial cells. An increase in milk fat after rbST injection was associated with the increased yield of longchain fatty acids characteristic of plasma free fatty acids and body fat (Chaiyabutr et al., 2008b) .
Haematological and plasma biochemical values
The objective of the present study was to evaluate the effect of rbST administration and cooling with misters and fans on haematological (Table 4 ) and plasma biochemical values (Table 5 ) of crossbred Holstein cattle in a tropical environment. The haematological values did not show any specific disorder during rbST supplementation in both cooled and non-cooled cows. However, significant increases in MCV of red blood cells were apparent in early lactation in both cooled and non-cooled cows given supplemental rbST (p<0.05), whereas PCV values were not altered. This indicates that rbST supplementation would increase body fluids in both ECF and ICF. An increase in extracellular fluid and plasma volume during rbST administration in crossbred Holstein cattle has been noted (Chaiyabutr et al., 2007) . These changes might be the cause of variations in haematological and plasma biochemical values during hemodilution at each stage of lactation. The concentrations of platelets were not affected by cooling alone but were decreased by rbST supplementation, which may have been due to expansion of extracellular fluid and plasma volumes during rbST administration. The rbST supplementation in both cooled and noncooled cows had no effects on plasma levels of triglyceride, glucose and protein at each period of lactation. However, concentrations of FFA in plasma were not affected by cooling but were significantly increased by rbST supplementation especially in mid-and late lactation in both cooled and non-cooled cows. These results were in accordance with marked increases in plasma FFA levels observed in high-producing lactating cows following administration of large doses of growth hormone (Kronfeld, 1965) . These results indicate the greater mobilization of adipose tissue to supply extra nutrients for the increased milk production. An elevation of plasma FFA concentration did not depend on the stage of lactation, although cows in early lactation generally suffer a negative energy balance from stimulating mobilization of adipose tissue for an increase in the concentrations of plasma FFA. Cows in both groups in the present study were fed balanced diets, which would imply no mobilization of fat tissue. Thus, the lipolytic activity would be a function of rbST treatment per se instead of the associated changes in energy balance. As lactation advanced, the milk yield declined and thus cows would gain body fat in preparation for the coming lactation. The effect of supplemental rbST on an increase in the (McDowell, 1991) . Supplementation of rbST in both cooled and non-cooled cows showed no effect on plasma protein levels at each stage of lactation. The concentrations of total plasma proteins of both cooled and non-cooled cows, either with or without rbST, averaged 8.13-9.23 g/dl. The present results did not agree with other reports that protein concentration in blood during bST administration will be influenced by changes in relative body mass of many organs and tissue growth for the role in protein metabolism (Moallem et al., 2004) . Among proteins, plasma albumin concentration had an average value of 4.14-4.31 g/dl of total protein, which is similar to values found in the literature (Kaneko et al., 1997) . In the present study, no effects of rbST and misty fan cooling were apparent on plasma albumin concentration. Plasma albumin concentration in cows is influenced by their physiological stage and it is closely connected with nutrition and the amount of nitrogen intake (Roil et al., 1974) . Cows in both groups were equally well-fed throughout the periods of study, which indicates that dietary protein was not limiting and that liver function was likely to be normal. In the present study, no differences were observed in plasma BUN concentrations between noncooled cows and cooled cows without rbST, although several reports have shown that animals exposed to high temperatures had increased plasma levels of urea (Ronchi et al., 1999) and creatinine (Broucek et al., 1986; Chaiyabutr, and Johnson, 1991) . However, the concentrations of BUN were significantly decreased by rbST in both cooled and non-cooled cows, while no significant changes in the creatinine concentrations were apparent. These results are in agreement with studies in lactating Bos taurus dairy cows treated with GH, which showed reduced plasma urea concentrations as compared with control cows (Cheli et al., 1998; Santos et al., 2000) . The reduction of plasma urea concentration might not reflect the crude protein intake which was higher in cows given supplemental rbST. The decreased plasma concentrations of urea during supplementation of rbST might be due to the effect of bovine somatotropin via N-actyl glutamate, on carbamyl phophate synthetase, a key enzyme in the urea cycle (Oddy and Lindsay, 1986) . In the present study, exposure of cows to moderate heat stress appears not to have caused a higher utilization of amino acids as energy source with increased urea level or mobilization of protein from muscle mass with subsequent creatinine delivery into the plasma (Fekry et al., 1989) . This indicates that the kidneys were able to perform their normal function.
It is known that the activity of aminotransferases in the blood is important in acting as a catalyst in connecting the metabolism of amino acids and carbohydrates. Changes in aminotransferase activities in the blood can be a consequence of their activities in liver cells and also a reflection of cell structure damage. High activities of AST and ALT are most often found in acute and chronic liver disorder, e.g. fatty liver syndrome in dairy cows (Fekry et al., 1997) , starvation and the appearance of ketosis during early lactation (Steen, 2001) , even in a subclinical disorder (Meyer and Harvey, 1998) . However, the liver is known to be the source of synthesis and secretion of IGF-I in ruminants, which are dependent on the availability of both plasma growth hormone level and some nutritional factors (Clemmons and Underwood, 1991) . Animals with a lower nutritional state (Hodgkinson et al., 1991) or a negative energy balance, have reduced hepatic production IGF-I (Ketelsleger et al., 1995; Steen, 2001 ), which would not be expected to occur in the present study. The present results did not show any changes of liver function for the activity of the plasma alanine aminotransferase (ALT) (12.5-17.4 IU/L) and plasma aspartate aminotransferase (AST) (49.6-78.2 IU/L) during rbST supplementation in both cooled and non-cooled cows, although an increase in plasma IGF-I concentration, which originates primarily from liver, has been shown to be affected by rbST administration in cows (Chaiyabutr et al., 2005) . In late lactation, both plasma cholesterol levels and plasma alkaline phosphatase activity had a tendency to increase by supplemental rbST of both cooled and non-cooled cows. These variations of plasma cholesterol levels and plasma alkaline phosphatase (ALP) activity in both cooled and non-cooled cows were within normal values (Kaneko et al., 1997) . It did not confirm the hypothesis that a reduction of plasma cholesterol concentration and plasma ALP activity would coincide with a reduction in liver activity in cows exposed to high temperatures (Abeni et al., 2007) . Enzyme activity of ALP has been indicated to be a quick and reliable blood marker for heat stress (Abeni, et al., 2007) . Our previous study, (Boonsanit et al., 2010) showed no alterations of plasma concentrations of K + , Na + , and Cl -in both cooled and noncooled cows with or without rbST, although it has been reported that, during heat stress, K + losses from sweating cause negative electrolyte balance with impaired absorption of Na + and Cl -from the rumen coinciding with the depression of rumen fermentation (Maltz et al., 1994) . It is probable that the crossbred cows in both groups experienced moderate heat stress and were on the borderline between moderate and high heat stress in the hotter periods of the tropical environment. In conclusion, the present data of both haematological and plasma biochemical values of the crossbred Holstein cows, with or without supplemental rbST under NS and MFC barns, were within normal physiological limits in comparison with those of clinically healthy cows (Schalm et al., 1975; Kaneko et al., 1997) . Overall, the results of the present study suggest that supplemental rbST is efficacious in increasing milk yield without adverse effects on lactating crossbred Holstein cattle in a tropical environment.
